Study purposes were to determine the prevalence of persistent pain in the breast; characterize distinct persistent pain classes using growth mixture modeling, and evaluate for differences among these pain classes in demographic, preoperative, intraoperative, and postoperative characteristics. In addition, differences in the severity of common symptoms and quality of life outcomes measured prior to surgery, among the pain classes, were evaluated. Patients (n=398) were recruited prior to surgery and followed for six months. Using growth mixture modeling, patients were classified into no (31.7%), mild (43.4%), moderate (13.3%), and severe (11.6%) pain groups based on ratings of worst breast pain. Differences in a number of demographic, preoperative, intraoperative, and postoperative characteristics differentiated among the pain classes. In addition, patients in the moderate and severe pain classes reported higher preoperative levels of depression, anxiety, and sleep disturbance than the no pain class. Findings suggest that approximately 25% of women experience significant and persistent levels of breast pain in the first six months following breast cancer surgery.
INTRODUCTION
Prevalence rates for persistent pain following breast cancer surgery range from 25% to 60%. 28 This wide range is attributed to differences in the definition of persistent pain; whether the assessments were done prospectively or retrospectively; and the measures used to assess pain. As noted by Andersen and Kehlet, 2 studies that evaluated post-mastectomy pain syndrome reported a prevalence rate of approximately 25%, 9, 76, 83 whereas studies with a wider definition of persistent pain reported a prevalence rate of 50%. 1, 62 In two studies, approximately 10% of patients reported severe persistent pain. 23, 28 Prospective, longitudinal studies, that enroll patients prior to breast cancer surgery, are needed to determine the magnitude of this problem.
Given the large number of women who will undergo breast cancer surgery worldwide, an equally important consideration is the identification of risk factors for the development of persistent pain. In a recent review of these risk factors, 2 Andersen and Kehlet evaluated the evidence for preoperative, intraoperative, and postoperative risk factors. Of the sixty studies reviewed, most were retrospective and used self-report measures. In addition, about two thirds of the studies did not reflect more modern principles of surgical and adjuvant treatment for breast cancer. The authors concluded that it was difficult to draw definitive conclusions about risk factors because the heterogeneity of the studies precluded detailed comparisons across studies. Additional research is warranted that includes a more precise definition of persistent pain; as well as a comprehensive evaluation of preoperative, intraoperative, and postoperative risk factors in the same patients and prospective follow-up of these patients from prior to through at least 6 months after breast cancer surgery.
Some of the differences in prevalence rates and risk factors identified to date may be due to heterogeneity in the characterization of persistent pain phenotypes associated with breast cancer surgery. In fact, all of the studies published to date have classified patients into pain versus no pain groups based on different definitions of persistent pain. A type of latent class analysis, growth mixture modeling (GMM) facilitates the detection of underlying patterns of change in symptom severity over time and enables the identification of subgroups of patients, referred to as latent growth classes, whose symptoms share a similar trajectory over time. [53] [54] [55] Recently, our research group has used (GMM) to identify subgroups of patients with distinct trajectories of depression, 20 anxiety, 19 and sleep disturbance. 82 However, this approach has not been used to characterize persistent pain following breast cancer surgery.
consent. Patients were excluded if they were: having breast cancer surgery on both breasts and/or had distant metastasis at the time of diagnosis. A total of 516 patients were approached to participate, 410 were enrolled in the study (response rate 79.4%)and 398 completed the study questionnaires. The major reasons for refusal were: too busy, overwhelmed with the cancer diagnosis, or insufficient time available to do baseline assessment prior to surgery.
Subjective Measures
The demographic questionnaire obtained information on age, education, ethnicity, marital status employment status, living situation, and financial status. The Karnofsky Performance Status (KPS) scale is widely used to evaluated functional status in patients with cancer and has well established validity and reliability. 36, 37 Patients rated their functional status using the KPS scale that ranged from 30 (I feel severely disabled and need to be hospitalized) to 100 (I feel normal; I have no complaints or symptoms). Patients were asked to indicate if they exercised on a regular basis (yes/no format).
Self-Administered Comorbidity Questionnaire (SCQ) is a short and easily understood instrument that was developed to measure comorbidity in clinical and health service research settings. 67 The questionnaire consists of 13 common medical conditions that were simplified into language that could be understood without any prior medical knowledge. Patients were asked to indicate if they had the condition using a "yes/no" format. If they indicated that they had a condition, they were asked if they received treatment for it (yes/no; proxy for disease severity) and did it limit their activities (yes/no; indication of functional limitations). Patients were given the option to add two additional conditions not listed on the instrument. For each condition, a patient can receive a maximum of 3 points. Because there are 13 defined medical conditions and 2 optional conditions, the maximum score totals 45 points if the open-ended items are used and 39 points if only the closed-ended items are used. The SCQ has well-established validity and reliability and has been used in studies of patients with a variety of chronic conditions. 5, 12, 48, 67, 70 Persistent pain was evaluated using the Breast Symptoms Questionnaire (BSQ). The BSQ consists of two parts. Part 1 obtained information on the occurrence of pain and the occurrence of other symptoms in the breast scar area (i.e., swelling, numbness, strange sensations, hardness). The additional symptoms that were assessed were identified in studies by Tasmuth and colleagues. 78, 79 If the patient had pain in the breast scar area, they completed Part 2 of the BSQ. Patients were asked to rate the intensity of their average and worst pain, in the past week, using a numeric rating scale (NRS) that ranged from 0 (no pain) to 10 (worst imaginable pain). NRS is a valid and reliable measure of pain intensity. 33 Patients completed the BSQ prior to surgery and monthly for six months after surgery.
Postsurgical pain was evaluated using the Postsurgical Pain Questionnaire. Patients were asked to rate pain intensity, pain relief, and satisfaction with pain treatment in the first 24 to 48 hours after surgery. Average and worst pain were rated using a 0 to 10 NRS. Pain relief was rated on a 0% (no relief) to 100% (complete relief) rating scale. Satisfaction with pain treatment was rated on a 0 (not satisfied at all) to 10 (extremely satisfied) NRS. Patients completed this questionnaire during the month 1 study visit.
Center for Epidemiologic Studies-Depression (CES-D) scale consists of 20 items selected to represent the major symptoms in the clinical syndrome of depression. Scores can range from 0 to 60, with scores of ≥ 16 indicating the need for individuals to seek clinical evaluation for major depression. The CES-D has well established concurrent and construct validity. 10, 64, 69 Cronbach's alpha for the CES-D was .90.
Spielberger State-Trait Anxiety Inventories (STAI-T and STAI-S) consist of 20 items each that are rated from 1 to 4. Scores for each scale can range from 20 to 80 and higher scores indicate greater anxiety. Cuttoff scores of ≥ 31.8 and ≥ 32.2 indicate high levels of trait and state anxiety, respectively. Both inventories have well established criterion and construct validity and internal consistency reliability coefficients. 3, 38, 72 Cronbach's alphas for the STAI-T and STAI-S were .88 and .95, respectively.
General Sleep Disturbance Scale (GSDS) consists of 21-items designed to assess sleep disturbance in the past week. Each item was rated on a 0 (never) to 7 (everyday) NRS. The GSDS total score is the sum of the 21 items that can range from 0 (no disturbance) to 147 (extreme sleep disturbance). A GSDS total score of ≥ 43 indicates a significant level of sleep disturbance. 8, 26, 27, 50 The GSDS has well-established validity and reliability in shift workers, pregnant women, and patients with cancer and HIV. 43,44,51 The Cronbach's alpha for the GSDS total score was .86.
Lee Fatigue Scale (LFS) consists of 18 items designed to assess physical fatigue and energy. 45 Each item was rated on a 0 to 10 NRS. Total fatigue and energy scores were calculated as the mean of the 13 fatigue items and the 5 energy items, with higher scores indicating greater fatigue severity and higher levels of energy. Respondents were asked to rate each item based on how they felt "right now". The LFS has been used with healthy individuals 29, 45 and in patients with cancer and HIV. 46,50-52 A cutoff score of ≥4.4 indicates high levels of fatigue. 17 A cutoff score of ≤4.8 indicates low levels of energy. 17 The LFS has well established validity and reliability. Cronbach's alphas for fatigue and energy were . 96 and .93, respectively.
Attentional Function Index (AFI) consists of 16 items designed to measure self-reported attentional function (i.e., ability to voluntarily direct and sustain attention) in patients with cancer. Each item is rated on a 0 to 10 NRS. A mean AFI score was calculated, with higher scores indicating greater capacity to direct attention and, therefore, lower levels of attentional fatigue. 14, 16 Based on a previously conducted analysis of the frequency distributions of AFI scores, attentional fatigue can be grouped into categories of functional status (i.e., patients who score <5.0 functioning poorly and experiencing high levels of attentional fatigue, patients who score 5.0 to 7.5 functioning moderately well and experiencing moderate levels of attentional fatigue, patients who score >7.5 functioning well and experiencing low levels of attentional fatigue. 15 The AFI has established reliability and validity. 16 Cronbach's alpha for the AFI was .95.
Quality of Life-Scale-Patient Version (QOL-PV) is a 41-item instrument that measures four dimensions of QOL in cancer patients (physical well-being, psychological well-being, spiritual well-being, social well being) as well as overall QOL. Each item is scored on a 0 to 10 NRS with higher scores indicating a better QOL. The QOL-PV has established validity and reliability. 24, 25, 58, 59 Cronbach's alpha for the QOL-PV total score was .86.
Medication Use
At each assessment, the research nurse recorded the names of the medications the patient took in the previous month.
Objective Measures
Grip strength (in kilograms), in both hands, was measured using a Jamar hydraulic hand dynamometer (Sammons Preston). This measure has been used to evaluate for changes in muscle strength in women following breast cancer surgery 78 and other forms of breast cancer treatment. 65 The measurement was performed with women in a standing position with the arm held in a comfortable position according to the procedures described by Spijkerman and colleagues. 73 Grip strength was measured three times in each hand. If a variance of more than 20% occurred among the three readings on each hand, the test was repeated. The three readings from the affected and unaffected hands were averaged. 65, 73 Shoulder mobility was assessed using goniometric measurement of range of motion (ROM). While the patient was lying supine, ROM was measured, in degrees, twice on each side in four positions (i.e., flexion, abduction, internal rotation, external rotation) and these measurements were averaged.
Study Procedures
The study was approved by the Committee on Human Research at the University of California, San Francisco and by the Institutional Review Boards at each of the study sites. During the patient's preoperative visit, a clinician explained the study to the patient, determined her willingness to participate, and introduced the patient to the research nurse. The research nurse determined eligibility and obtained written informed consent prior to surgery. After obtaining written informed consent, patients completed the enrollment questionnaires (Assessment 0). Following the completion of the questionnaires, the research nurse performed the following baseline objective measurements: height, weight, grip strength, and shoulder mobility.
The research nurse met with the patients either in their home or in the Clinical Research Center at 1, 2, 3, 4, 5, and 6 months after surgery. During each of the study visits, the women completed the study questionnaires, provided information on new and ongoing treatments, and had the objective measures done by the research nurse. Over the course of the study, patients' medical records were reviewed for disease and treatment information.
Statistical analyses
Data were analyzed using SPSS Version 19.0 74 and Mplus Version 6.11. 56 Descriptive statistics and frequency distributions were calculated for patients' demographic and clinical characteristics and symptom severity scores.
Unconditional GMM with robust maximum likelihood estimation was carried out to identify latent classes of patients with distinct persistent breast pain trajectories. Breast pain scores at the Month 1 assessment (i.e., the month after surgery) were not used in the GMM analyses because the models could not be estimated reliably. Prior to conducting GMM analyses, patients who reported no pain in their affected breast for all 6 assessments (i.e., enrollment and 2, 3, 4, 5, and 6 months) were identified (N=126; 31.7%) and not included in the GMM analysis. The remaining 272 women's ratings of worst breast pain were used in the GMM analysis. These methods are described in detail elsewhere. 20 In brief, a single growth curve that represented the "average" change trajectory was estimated for the sample. Then, the number of latent growth classes that best fit the data was identified using published guidelines. 35, 57, 80 Model fit for the GMM was assessed statistically by identifying the model with the lowest Bayesian Information Criterion (BIC). The parametric bootstrapped likelihood ratio test (BLRT) was used to evaluate whether a model with K classes fit the data better than a model with K-1 classes. In addition to using the BLRT to compare models, the Vuong-Lo-MendellRubin Likelihood Ratio Test (VLMR) for the "K" versus "K-1" class models was examined. A non-significant VLMR test provides evidence that the K-class model is not better than the K-1-class model. The fourth index used to evaluate model fit was entropy, with >.80 being preferred. 11, 56 Finally, the best fitting model was visually inspected by plotting observed against model-predicted values to determine whether the predicted trajectories followed the empiric trajectories for the classes and to evaluate whether the predicted plots "made sense" theoretically and clinically. 55 Intercepts and linear and quadratic slopes for each latent class were estimated for each model. Intercept variances were estimated for each class and were allowed to differ across classes for the two class model. However, the three and four class models could not be estimated reliably without fixing the intercept variance for two of the classes to zero. Given the relatively small sample sizes, the within-class linear and quadratic slope variances were fixed at zero, because estimation failed when they were free to vary. 39,54 Without setting these slope variances to zero, the model could not be estimated due to non-positive definite covariance matrices. Mixture models are known to produce solutions at local maxima, so each model was fit with random starts to be sure that the solution for the model with the maximum log likelihood values was replicated. 56 Missing data for the worst breast pain scores were accommodated by Mplus Version 6.11 through the use of Full Information Maximum Likelihood and the use of the Expectation-Maximization algorithm. This method assumes that any missing data are missing at random. 54, 68 Analyses of variance and Chi-square analyses were used to assess for differences in demographic, preoperative, intraoperative, and postoperative characteristics, symptom severity scores, and QOL scores at enrollment, among the GMM latent classes. Based on the recommendations of Rothman, 66 adjustments were not made for multiple testing. For each assessment, the percentages of patients who reported taking a nonopioid, a nonsteroidal antiinflammatory drug (NSAID), a weak opioid (e.g., codeine, hydrocodone), a strong opioid (e.g., morphine), an antidepressant, or an anticonvulsant were determined.
RESULTS

GMM Analysis
A total of 126 patients (31.7%; no pain class) did not report any breast pain for any of the six assessments. In the remaining 272 patients, three distinct latent classes of persistent breast pain were identified using GMM ( Figure 1) . A three-class model was selected because its BIC was smaller than the two-class and four-class models. In addition, comparisons of the other fit indices (Table 1 ) and the plots of the observed against model predicted values (Figure 1 ) supported the choice of the three class model ( Table 1 ).
As shown in Table 2 , the largest group of the patients with breast pain was classified into the mild pain class (n=173, 43.1%). Of these patients, 66 reported breast pain at enrollment (mean=2.7, SD=1.3). As a class, these patients maintained a similar level of pain throughout the study. Patients in the next largest class reported moderate breast pain (n=53, 13.3%). Of these patients, 16 reported pain scores that were low at enrollment (mean=2.4, SD=1.0). As a class, their breast pain increased over time and began to decrease at the 6 month assessment. Finally, 17 patients in the severe pain class (n=46, 11.6%) had high preoperative breast pain scores (mean=8.0, SD=1.3). As a class, these patients reported breast pain that decreased only slightly during the 6 months following surgery.
Differences in Demographic Characteristics
As shown in Table 3 , no differences were found among the four pain groups in living arrangements, marital status, and employment status. However, patients in all three pain classes were significantly younger than patients in the no pain class. In addition, patients in the severe pain class were more likely to be non-White, to have a lower level of education, and to report less income than patients in the no pain and mild pain classes.
Differences in Preoperative Clinical Characteristics
The largest number of significant differences among the four pain classes was found in the preoperative characteristics (Table 4 ). In general, compared to patients in the no pain class, patients in the severe pain class had a lower KPS score; higher ratings of average and worst breast pain prior to surgery; decreased flexion, abduction, and external rotation in their affected arm; and were more likely to report rheumatoid arthritis. In addition, compared to the no pain class, a higher percentage of patients in all three pain classes reported numbness and hardness in the affected breast prior to surgery.
Differences in Preoperative Symptom Severity Scores
As shown in Table 5 , significant differences in symptom severity scores were found among the four pain classes. In general, compared to the no pain class, patients in the moderate and severe pain classes reported significantly higher depression, trait anxiety, sleep disturbance, and fatigue scores, and poorer attentional function scores.
Differences in Preoperative QOL Scores
As shown in Table 5 , significant differences in QOL scores were found among the four pain classes. In general, compared to the no pain class, patients in the mild, moderate, and severe pain classes reported significantly lower physical well-being, psychological well-being, social well-being, and total QOL scores.
Differences in Intraoperative Characteristics
As shown in Table 6 , no significant differences were found among the four pain classes for the majority of the intraoperative characteristics. Compared to patients in the no pain class, patients in the severe pain class had a higher number of lymph nodes removed and were more likely to have had an axillary lymph node dissection (ALND).
Differences in Postoperative Characteristics
As shown in Table 7 , significant differences in a number of postoperative characteristics were found among the four pain classes. Compared to the no pain class, patients in the other three pain classes reported higher average and worst pain intensity scores in the immediate postoperative period. Compared to the no pain class, patients in the severe pain class were more likely to have had a re-excision or mastectomy in the six months following surgery. Compared to the mild pain and the severe pain classes, a higher percentage of patients in the moderate pain class had radiation therapy in the six months following surgery.
Use of Analgesic Medications
For a random sample of approximately 25% of the patients in each pain class, the use of analgesic medications was evaluated. As summarized in Table 8 , with the exception of antidepressants, regardless of pain class membership, a low percentage of patients reported using various types of analgesics during the six months of the study.
DISCUSSION
This study is the first to use GMM to identify subgroups of patients with distinct persistent breast pain trajectories following breast cancer surgery. Moreover, a comprehensive list of demographic, preoperative, intraoperative, and postoperative characteristics was used, in the same sample of patients, to identify predictors of pain class membership. Over the six months of the study, 31.7% of the patients responded no to the question about having pain in their affected breast. However, and consistent with previous reports, 23,28 11.6% of the patients were classified as having severe pain that persisted over the six months of the study.
The largest class of patients had worst breast pain scores of approximately 3 that remained relatively constant over the study period. Based on the limited number of patients using any analgesic medications during the six months of the study, the distinct latent classes identified using GMM, are not associated with analgesic use.
Four non-modifiable demographic characteristics, namely younger age, less education, being non-white, and having a lower total annual income, were associated with being in the severe pain class. Consistent with previous studies, 1, 7, 28, 32, 47, 61, 62, 71, 75, 77, 83 younger age was associated with a higher risk of being in all three of the pain classes identified in this study. While studies of racial/ethnic differences in experimental 21 and clinical pain 22, 30 have produced inconsistent results, the higher percentage of non-whites in the severe pain class is consistent with one other study of breast cancer patients. 23 However, this finding should be interpreted with caution because compared to White patients, non-white patients in our study were more likely to be diagnosed with more advanced disease (p=.009) and to have had an ALND (p=.04) both of which may contribute to more severe pain. While lower levels of education 40, 63 and lower income levels 13, 60 are associated with increase rates of chronic pain in the general population, in two studies of persistent pain after breast cancer surgery, 41,62 no association was found between education and pain status.
In this study, detailed information was collected on a large number of preoperative characteristics (Table 4) . Consistent with previous reports, 6 ,42,81 a lower functional status and a higher comorbidity score were identified as risk factors for membership in the moderate or severe pain groups. In addition, a higher percentage of women in the severe pain group reported hypertension and rheumatoid arthritis. Findings on the association between chronic pain and arthritis are inconsistent, with some studies suggesting that the prevalence of chronic pain is lower in patients with hypertension 18,31 while others suggest completely opposite results. 4, 49 However, since no studies have identified specific chronic conditions as being associated with the development of persistent pain in patients with breast cancer, these associations warrant confirmation in future studies.
The major modifiable preoperative risk factors identified in this study were preoperative breast pain or changes in breast sensations. Women who reported the occurrence of pain and hardness in the breast, as well as higher breast pain intensity ratings prior to surgery, were more likely to be classified into the mild, moderate, or severe pain classes. While one study found no association, 62 our results confirm the finding of a previous study 41 that found a relationship between preoperative breast pain and the occurrence of persistent pain following breast cancer surgery. Future studies need to identify the causes of preoperative breast pain and determine whether preoperative treatment prevents the development of persistent pain.
Consistent with previous reports, the two intraoperative predictors associated with membership in the severe pain latent class were number of lymph nodes removed 1, 34 and having an ALND. 1, 7, 28 It is interesting to note that these two surgical characteristics that involve the shoulder, arm, and axilla were associated with pain groups identified based on ratings for breast pain. In our study, patients were asked to rate breast pain separate from arm pain. Future analyses will use GMM to determine latent classes of patients with distinct arm pain trajectories following breast cancer surgery as well as predictors of these latent classes. While an attempt was made to evaluate the impact of having to sacrifice the intercostobrachial nerve on pain group membership, in over 85% of the cases, the status of the nerve was not documented on the operative report.
Another modifiable risk factor identified in this study is the severity of postoperative pain. Compared to the no pain class, retrospective ratings of average and worst pain were significantly higher in mild, moderate and severe pain classes. This finding is consistent with data from two retrospective studies that found an association between higher postoperative pain scores and the development of persistent pain. 75, 78 While detailed information is not available on the postoperative pain regimens that were ordered for the patients in our study, our data suggest that efforts to improve postoperative pain management are needed to reduce the occurrence of persistent pain.
Two additional postoperative risk factors are worth noting. The receipt of radiation therapy (RT) in the six months following surgery was associated with membership in the moderate pain class. As shown in Figure 1 , as a group, these patients' pain increased over time and began to decrease at the 6 month assessment. The trajectory of breast pain identified for this class is consistent with the time course of RT. Most women begin RT about 2 months after surgery. The course of RT lasts approximately six weeks. The other risk factor associated with membership in the severe pain class was the need for re-excision or mastectomy in the six months after surgery. This finding suggests that repeated noxious stimulation contributes to the development of persistent pain.
In the review by Anderson and Kehlet, 2 they noted the need for standardized evaluations of patients' psychosocial status prior to surgery for breast cancer. In our prospective study, detailed evaluations of common symptoms, as well as a detailed disease specific evaluation of patients' QOL, were done prior to surgery. Taken together, the findings in Table 5 , suggest that patients with higher preoperative levels of depressive symptoms, trait anxiety, sleep disturbance, fatigue, and lower levels of attentional function are at increased risk for persistent breast pain following breast cancer surgery. Whether preoperative treatment of these symptoms would decrease the development of persistent pain requires additional investigation.
Several study limitations need to be acknowledged. While the sample size was relatively large, additional latent classes may be identified with a larger sample. In addition, with a larger sample, the number of patients in each pain class would have been larger and additional differences among the pain classes may have been identified. While the sample was representative of breast cancer patients in the United States, different latent classes and/ or different risk factors may have been identified if a larger percentage of the sample was non-White, older, had more advanced disease, and/or required more extensive surgery. The differences, among the latent classes, in retrospective ratings of postoperative pain scores need to be verified in prospective studies. Finally, future studies should obtain detailed information on analgesic use in the perioperative period, as well as during long-term followup.
In conclusion, this study is one of the largest, prospective, longitudinal studies to evaluate the prevalence of and risk factors for persistent breast pain following breast cancer surgery. It is the first study to evaluate the majority of the subjective and objective risk factors for persistent breast pain identified by Andersen and Kehlet. 2 Parallel analyses are being done to identify the phenotypic and genotypic predictors of persistent arm and shoulder pain following breast cancer surgery. Future analyses are focused on determining the pain characteristics for the three breast pain classes identified using GMM as well as genomic predictors of these classes.
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